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MANUFACTURING ENGINEERING LABORATORY'S WELD ENVIRONMENTAL CONTROL 
M r .  Daniel M. Daley (MSFC) 
The Manufacturing Engineering Laboratory of The Marshal l  Space F l i g h t  
Center  i s ,  a t  p r e s e n t ,  developing environmental  c o n t r o l l e d  a r e a s  f o r  t h e  
f a b r i c a t i o n  of t h e  S-IC Vehicle.  The purpose of environmental  c o n t r o l  i s  
t o  i n s u r e  t h a t  a l l  of t h e  welds made i n  space v e h i c l e  s t r u c t u r e s  w i l l  be 
of a h igh  and reproducib le  q u a l i t y .  The f i r s t  s l i d e  (Figure 1) i l l u s t r a t e s  
t h e  X-ray q u a l i t y  t h a t  i s  o f t e n  found i n  aluminum welds made i n  t h e  hor izon-  
t a l  p o s i t i o n .  I n  f a c t ,  t h i s  i s  t y p i c a l  of  t h e  p o r o s i t y  t h a t  was seen i n  one 
of t h e  e a r l i e r  welds j o i n i n g  t h e  Y-ring t o  t h e  bulkhead i n  t h e  S-IC Vehicle.  
This  s l i d e  shows both  excess ive  l i n e a r  and l a r g e  s i z e  p o r o s i t y  i n  t h e  weld 
a rea  which i s  most unacceptable  and would r e s u l t  i n  lower p r o p e r t i e s  and 
p o s s i b l e  leaks  i n  tank  s t r u c t u r e s .  The aim of environment c o n t r o l  i s  t o  
overcome t h i s  d i f f i c u l t y .  
Here a t  Marshal l  Space F l i g h t  Center w e  have i n s t a l l e d  a semipor tab le  
a tmospheric  c o n t r o l  system f o r  two areas  i n  t h e  weld f a b r i c a t i o n  of t h e  S-IC 
Vehicle .  The f i r s t  a r ea  (Figure 2)  is  shown i n  t h e  next  s l i d e .  This  i s  f o r  
t h e  weld f a b r i c a t i o n  of t h e  bulkheads. Both t h e  "Meridian" welds and t h e  "Y- 
r ing-to-Bulkhead" welds a r e  made a t  t h i s  s t a t i o n .  The method f o r  c o n t r o l l i n g  
t h e  atmosphere a t  t h i s  s t a t i o n  was t o  i n s t a l l  l a r g e  massive p l a s t i c  draw 
c u r t a i n s  around t h e  weld f i x t u r e .  This e f f e c t i v e l y  s e a l s  o f f  t h i s  a r ea  from 
t h e  rest of t h e  b u i l d i n g .  A 10 ton  a i r - cond i t ion ing  u n i t  i s  used t o  reduce 
t h e  d u s t  l e v e l  and t o  c o n t r o l  t h e  temperature and humidity f o r  welding. An 
a d d i t i o n a l  f e a t u r e  i s  t h e  f a c t  t h a t  t h i s  s ea l ing -o f f  of t h e  a rea  keeps un- 
wanted personnel  from v i s i t i n g  t h e  weldipg a r e a ,  
i n  ag~rnximate1-y 30 ft, by 40 ft. by 20 f t .  (24,000 cu. f t .  ) 
This  a rea  a s  you can see, 
The next  s l i d e  (Figure 3)  i l l u s t r a t e s  t h e  use  of a sma l l e r  s i z e  p o r t a b l e  
atmospheric c o n t r o l  system. This i s  used t o  e s t a b l i s h  environmental  c o n t r o l  
around t h e  "Dollar" weld i n  the S- IC  bulkheads.  
c u r t a i n  and an a i r - c o n d i t i o n i n g  system a r e  used t o  c o n t r o l  t h e  d u s t ,  mos i s tu re ,  
and temperature .  
Here a l s o ,  a p l a s t i c - t y p e  
The aims, a s  I have poin ted  o u t  previouply,  a r e  seen  on t h e  next  s l i d e .  
Atmosphere Cont ro l led  Environments: 
1. D i r t  and Dust Level Cont ro l :  
It is  necessary  t o  keep t o  a minimum t h e  d i r t ,  d u s t ,  o r  o the r  
f o r e i g n  ma t t e r  t h a t  may be i n  t h e  atmosphere which could cause d e f e c t s  i n  
welds.  
2 .  Dra f t  o r  Wind Cont ro l :  
It i s  necessary  t h a t  d r a f t s ,  movement of a i r ,  e tc .  i n  t h e  immediate 
a r e a  of  t h e  welding a r c  be  con t ro l l ed .  Such th ings  a s  open doors ,  people 
walking by, o r  fans  have been found t o  cause s e r i o u s  problems i n  main ta in ing  
a c c u r a t e ,  i n e r t  gas  welding i n  welding a r c s  which have a l s o  been found t o  
c r e a t e  s e r i o u s  problems i n  ob ta in ing  h igh  q u a l i t y  welds .  
3 .  Moisture Control  : 
High humidity i n  t h e  southern c l ima te ,  both h e r e  and a t  p laces  
such a s  Michoud o r  c o a s t a l  a r e a s  e i t h e r  i n  C a l i f o r n i a  of F l o r i d a ,  normally 
have excess ive  humidity i n  t h e  a i r .  
mo i s tu re  w i l l  evolve  i n  t h e  f i r s t  welding pass made a t  t h e  beginning of t h e  
day. This i s  caused by moisture  which has  been absorbed by t h e  m a t e r i a l  i n  
t h e  c o o l e r  n i g h t s ,  and upon t h e  app l i ca t ion  of welding h e a t ,  draws the  mois ture  
t o  t h e  s u r f a c e  of t h e  meta l .  
A t  times, i t  has  been found t h a t  l i q u i d  
4.  Temperature Control: 
In controlling the conditions in the welding area, it is also 
important that the temperatures in the area of the welding arc be constant 
and uniform. This is so that from day to day, morning till night, the 
temperature will be uniform and the welding conditions reproducible, thus 
insuring high quality welds. 
These controlled areas in the pilot-line production fabrication on the 
S-IC bulkheads are only a beginning. More information must be obtained as 
to the need for controls, the advantages of controls, and the limitations 
of atmosphere contamination in the area of welding operations. 
The next slide is an artist's concept of an experimental area that is 
currently being installed in Marshall's experimental welding laboratory, 
Bldg. 4728. This area is designed to control the four major items at this 
time felt necessary to consistently produce high quality welds. 
dust, drafts, moisture, and temperatures. It must be pointed out that 
initially this controlled area will not have humidity control. This first 
experimental, environmental controlled area is to be used to develop the 
optimum conditions for welding one of the more difficult production welds, 
namely the Y-ring-to-bulkhead. This weld is made in the horizontal 
position using a square butt joint and the TIG process. To date, this has 
been found to be the most difficult as far as obtaining reproducible high 
quality welds needed in space vehicle structures. While it has not conclu- 
sively been decided that atmospheric conditions have been a major cause in the 
difficulties involved with this particular weld, it is felt that all precautions 
must be taken to insure future high-quality, reproducible welds in this 
particular weldment. 
They are 
The exac t  needs f o r  environmental  c o n t r o l  a r e  no t  known. We hope 
t h a t  dur ing  our s tudy  wi th  t h i s  con t ro l  a r ea  to e s t a b l i s h  t h e  th ings  t h a t  
need c o n t r o l l i n g  and t h e  degree t o  which they should be  c o n t r o l l e d  t o  o b t a i n  
t h e  r equ i r ed  q u a l i t y  f o r  space veh ic l e s .  
i n  t h i s  c o n t r o l l e d  a rea  w i l l  e s t a b l i s h  t h e  l i m i t a t i o n  of t h e  need f o r  
c o n t r o l l i n g  the var ious  f a c t o r s  t h a t  can a f f e c t  welding q u a l i t y .  We may 
have gone t o o  f a r  i n  c o n t r o l l i n g ,  f o r  example, temperatures .  Maybe w e  
could have wider l i m i t a t i o n s  than w e  have e s t a b l i s h e d  fo r  t h i s  p a r t i c u l a r  
c o n t r o l l e d  a rea .  This a rea  now i s  designed f o r  c o n t r o l l i n g  the temperature  
t o  w i t h i n  - + 5 degrees .  It may be t h a t  w e  could have 20 degrees  e i t h e r  s i d e  
of t h i s  c u r r e n t  e s t a b l i s h e d  l e v e l .  The same i s  t r u e  f o r  humidity,  wind, 
f o r  d r a f t s ,  and d u s t  l e v e l .  It i s  hoped t h a t  the r e su l t s  of our s t u d i e s  
w i l l  s e t  t h e  pace f o r  space v e h i c l e  f a b r i c a t i o n  needs i n  t h e  c o n t r o l  of 
a tmospheric  cond i t ions  and s t i l l  obta in  the  extreme high  q u a l i t y  needed 
t o  o b t a i n  the r ep roduc ib le  maximum q u a l i t y  t h a t  w i l l  r e s u l t  i n  success fu l  
f l i g h t  space veh ic l e  systems. 
It i s  hoped t h a t  t hese  s t u d i e s  
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